Summary &horbar; This research was designed to study in vitro development of bovine nuclear transferred embryos using enucleated young in vitro matured oocytes 24 h of age as recipient cytoplasts activated prior to nuclear transfer. The oocytes were enucleated and then activated with electric pulse at 24 h of age followed by incubation with cycloheximide for 6-7 h before nuclear transfer and membrane fusion with a blastomere of the [16][17][18][19][20][21][22][23][24][25][26][27][28][29][30][31][32] 
INTRODUCTION
Activation of recipient oocytes is an important step in nuclear transfer for cloning embryos (Robl and Stice, 1989; Smith and Wilmut, 1990) . Previous nuclear transfer studies involved introducing a donor nucleus into an enucleated mature (metaphase II or Mil) oocyte. Activation was usually conducted at the time of membrane fusion applied by electric stimulation (Willadsen, 1986; Prather et al, 1987 Prather et al, , 1989 ; Stice and Robl, 1988; Smith and Wilmut, 1989; Yang et al, 1992a Yang et al, , 1993a ; Stice and Keefer, 1993 ). Because of the high level of maturation promoting factor (MPF) in the Mll oocyte, the transferred nucleus would be quickly forced into metaphase, known as premature chromosome condensation (PCC) (Collas and Robl, 1991; Collas et al, 1992a ; Barnes et al, 1993; Campbell et al, 1993) . PCC was believed to be beneficial for remodeling the donor nucleus following nuclear transfer (Collas and Robl, 1991 ) .
In early studies, nuclear transfer with in vitro matured bovine oocytes often resulted in poorer development compared to that with in vivo matured oocytes (Prather et al, 1987) . Activation of oocytes was observed as oocyte-age dependent (Ware et al, 1989; Yang etal, 1991 Yang etal, , 1993a Leibfried-Rutledge et al, 1992) . Oocyte ageing, however, may cause an abnormal distribution of cytoskeletal components (Webb et al, 1986) . The alterations in the cytoskeleton can lead to inward migration of the metaphase plate, which may be the cause for the previously reported reduced rate of enucleation of the aged oocytes and thus affects nuclear transfer efficiency (Yang, 1991; Yang et al, 1991 ) .
Thus it would be ideal to use young oocytes for nuclear transfer if they could be activated adequately. This possibility has become feasible with the finding that young oocytes have been effectively activated by combined activation treatments (Yang et al, 1992b; Presicce and Yang, 1994) .
Several recent studies demonstrated that activating oocytes prior to membrane fusion prevented the PCC process (Barnes et al, 1993; Campbell et al, 1993) but increased the development of cloned embryos (Barnes et al, 1993; Aoyagi et al, 1994; Campbell et al, 1994; Heyman et al, 1994; Kono et al, 1994; Stice et al, 1994) . In this study experiments were designed to test this finding with the combined activation treatment of electric pulse and cycloheximide used routinely in our laboratory, and to modify nuclear transfer procedures for improving development of cloned embryos.
MATERIALS AND METHODS

Oocyte maturation in vitro
Bovine oocytes were matured in vitro as described previously (Yang et al, 1993b 
Micromanipulation and membrane fusion
Detailed procedures for nuclear transfer have been described previously (Prather et al, 1987; Stice and Robl, 1988; Yang et al, 1992a; 1993a) . In this study oocyte enucleation and blastomere insertion were conducted separately 6-7 h apart This effect of the cumulus cell co-culture system reduced embryo cleavage development as compared to that of the BRL cells system (53 vs 66%, p < 0.05). However, the subsequent embryo development to morula and blastocyst stages was not affected (P > 0.05).
DISCUSSION
In earlier nuclear transfer studies, in vivo matured oviduct oocytes were used as cytoplasm recipients because these were believed to support better development of the cloned embryos compared to in vitro matured oocytes (Willadsen, 1986; Prather et al, 1987; Bondioli et al, 1990) . Indeed, electrical activation of the in vitro matured bovine oocytes was found to be oocyteage-dependent and poor activation results were obtained with oocytes matured in vitro less than 30 h (Ware et al, 1989; Yang et al, 1991 Thus, at one time, most nuclear transfer programs involved using aged oocytes as recipients (Willadsen et al, 1991; Westhusin et al, 1992; Yang et al, 1993a) . More recently, improvements on activation procedures have resulted in suc- cessful activation and led to the use of young oocytes for nuclear transfer (First et al, 1992; Barnes et al, 1993; Yang et al, 1993b; Aoyagi ef al, 1994; Heyman et al, 1994; Stice et al, 1994 ). This study confirmed this finding and demonstrated that oocytes as young as 22-23 h supported up to 30% development of viable embryos (day 7) following a modified nuclear transfer procedure. With a modified activation protocol, a pregnancy has been established following transfer of several cloned embryos using young 24 h IVM oocytes as recipients for nuclear transfer (Du and Yang, unpublished results).
Several recent studies suggested a beneficial effect of oocyte activation prior to nuclear transfer (Campbell et al, 1993 (Campbell et al, , 1994 Kono et al, 1994; Stice et al, 1994) . The rationales for this are the following: when donor nucleus was introduced into the Mll oocyte with high MPF level, the interphase nucleus was immediately induced to nuclear envelope breakdown and premature chromosomal condensation or PCC (Collas et al, 1992b; Barnes et al, 1993; Campbell et al, 1993) . Nuclear membrane was subsequently reformed without cell division (ie without release of a second polar body) and DNA re-replication occurred (Barnes et al, 1993; Campbell et al, 1993) . At the same time extensive nuclear swelling appeared (Czolowska et al, 1986; Szollosi etal, 1988; Prather etal, 1990; Collas and Robl, 1991 This nuclear remodeling was believed to be essential for rabbit cloned embryos (Collas and Robl, 1991) and it was thought particularly beneficial for regulation of G i or early S nuclei (Collas et al, 1992a, b) . Recently, it was found that the effect of PCC was likely deleterious to mid to late S and G 2 nuclei (Collas et al, 1992a; Barnes et al, 1993; Campbell et al, 1993) , resulting in abnormal chromosomal constitution and incorrect ploidy of reconstructed embryos due to DNA re-replication, as suggested by Campbell et al (1993) . In blastomeres of early embryos, almost the whole cell cycle of these cells was occupied by the S phase (Barnes and Eyestone, 1990; Collas et al, 1992a) . This explains the poor results of early nuclear transfer studies without cell cycle synchronization of donor cells (see review by Yang, 1991 (6 h) phase (Barnes and Eyestone, 1990) . This suggests that in our experiment, membrane fusion, induced at 6-7 h after activation, occurred at G1 or early S phase of the recipient oocyte. Cell fusion studies suggest that G1 or S phase recipient oocyte cytoplasm would not induce PCC or change the stage of the donor nucleus and thus this treatment would make better 'synchronization' between the donor nucleus and the recipient cytoplast (Campbell et al, 1993 (Campbell et al, , 1994 . Our study supports the observation that activation of recipient cytoplasts prior to nuclear transfer improves development of cloned embryos (Barnes et al, 1993; Campbell et al, 1994; Kono et al, 1994; Stice et al, 1994) . It is known that the co-culture system was effective in promoting development of bovine embryos in vitro (Eyestone and First, 1989; Hernandez-Ledezma et al, 1993) including cloned embryos (Barnes et al, 1993; Van Stekelenburg-Hamers et al, 1993; Yang et al, 1993a; Kono et al, 1994) .
Results, however, were also controversial about selecting cell systems (Kono et al, 1994; Myers et al, 1994; Rehman et al, 1994) . Our study showed that cloned embryos also experienced an 8-to 16-cell culture block as we reported earlier (Yang et al, 1993a 
